Hematopoietic Progenitors Are Detected in the
(see the following section). The two earliest specimens analyzed were at the 19th day of development, a presomite Embryo Proper as Early as Day 19 of Development Human embryos ranging from 19 to 48 days were anastage at which gastrulation is not completely achieved lyzed. From 21 to 26 days, we dissected the whole paraaortic splanchnopleura ( Figure 1A ), including the dorsal aortae which, at these early stages of development, are and the primitive streak can still be identified. The yolk In ten experiments in which the 24 to 34 day dissected P-Sp/aorta was analyzed in this setting, CD34
ϩ cells gensac and embryo were separated and cultivated intact in distinct wells for 10 days under the conditions described erated during the expansion phase of the culture ( Figure  1C ) were sorted by FACS prior to being further seeded above, and then dissociated and cells from each well seeded into four wells on fresh stromal cells.
into lympho-myeloid differentiation cultures. The number of CD34 ϩ cells sorted from one well ranged from 100 to Hematopoietic potential was present in the embryo proper as early as day 19 (Table 1) , as shown by the 700. The outcome was the same as when the whole unsorted population was used (data not shown), indicatdevelopment of colonies of rounded cells over the stromal layer starting from day 7 of culture. The whole coning that the blood-forming activity observed in these experiments correlates with the emergence of CD34 We set out to evaluate the lineage commitment of hematopoietic progenitors emerging in the human P-Sp/aorta and 2D). That gate included CD34-positive cells, which peaked in percentage after 2 weeks ( Figure 2B ) and and yolk sac, applying the protocol outlined in Figure  1C . In this setting, hematopoietic cells proliferate rapidly were still detectable in the wells after day 33 ( Figure 2C Figure 2E ), decreased rapidly in number, and disappeared by 4 weeks of culture ( Figure 2F ).
MS-5 stroma from a 26 day P-Sp, a 32 day aorta and yolk sac, and a 36 day aorta were double stained with Intraembryonic hematogenous capacity was then regularly detected from 21 to 40 days of development, first antibodies to CD56 and CD94, a c-type lectin broadly expressed on NK cells (Pende et al., 1997) . In all inin the paraaortic splanchnopleura, and then in the dissected aorta (Table 1) . After 40 days of gestation, hemastances, subsets of CD56 ϩ CD94 ϩ cells were detected that accounted for 69%, 17%, 20%, and 34%, respectopoietic cells proliferating from cultured dissected aortae were less abundant and rapidly differentiated into tively of the whole CD56-expressing cell population (Figure 3C) CD19 ϩ B cells also differentiate in vitro from the inof development, that is, shortly before the appearance of intraarterial hematopoietic cell clusters, which arise at traembryonic region, albeit from 24 days of gestation only (Table 2; 
In the Human AGM, Only the Aorta Contains Hematopoietic Progenitors No such capacity to produce B cells was ever found in yolk sac cocultures (Table 2), from which CD19-positive
The acronym AGM designates a large part of the embryo trunk that encloses, beside the dorsal aorta and surcells were consistently very rare or absent at all stages of development tested, including after the onset of blood rounding mesoderm, the rudiments of the kidneys and gonads. In order to more accurately map hematopoietic circulation between intra-and extraembryonic compartments ( Figures 3B and 3F) .
territories in the human embryo, the mesonephros/ gonads, aorta, and remainder of the embryo deprived We then tested the T cell potential of extra-and intraembryonic progenitors in 17 independent experiof the liver were dissected separately and cultivated individually under the above described conditions. Six ments. The P-Sp/aorta and YS cultured intact for 10 days on MS-5 cells were dissociated and used to populate independent experiments carried out between 26 and 31 days of gestation show that in the human AGM, only organ-cultured NOD-SCID mouse fetal thymuses (Figure 1C) . Since the SCID mutation blocks T cell developthe aorta encloses hematopoietic progenitors (Table 3 ; Figure 4 ), as assessed by development in culture of B, ment, no removal of endogenous thymocytes was required (Robin et al., 1999b) . Usually, five to ten thymic NK, and myeloid cells (Table 2) . lobes were seeded per tissue analyzed, and each lobe was incubated with 50-100,000 total, unseparated doDiscussion nor cells. Positive control thymuses were incubated with 2,000-5,000 cord blood-derived CD34 ϩ sorted cells. In Recent years have seen the appreciation of the key role played by stem cells born inside the embryo in the this setting, the ability to generate T lymphocytes was restricted to P-Sp/aorta progenitors. Human CD4 ., 1999a) . The 24 day limit may rather reflect a key developmental switch, possibly provided by the earliest sites of hematopoiesis, the yolk sac and the P-Sp/AGM. Although it is generally admitted that hemaneighboring endoderm and conferring to early progenitors the ability to engage in lymphoid differentiation programs. topoietic and vascular developments are segregated early in the yolk sac at the level of "hemangioblasts"
In all experiments reported herein, B cell and T cell developmental potentials were coupled. In striking con-(Choi et al., 1998), it was also hypothesized that even once differentiated, some endothelial cells can still protrast, NK cell potential was dissociated from B and T cell activity in the pre-24 day embryo and at all stages in the duce blood elements (Sabin, 1920) .
We have herein defined the lineage potential of extrayolk sac, which produced CD15 ϩ and CD56 ϩ cells but no T or B cells. We have no functional characterization of the versus intraembryonic human blood cell progenitors. At the fourth week of human gestation, the paraaortic CD56 ϩ cells that grew in our cultures. However, Carayol et al. (1998) have described preferential development of splanchnopleura and later, the aorta, can give rise to B, T, NK, and myeloid cells (Table 2 ). Despite the fact that human HSC cultured on MS-5 stroma in CD56 ϩ cells which were endowed with natural killer cell function. Our demonblood has been circulating for several days at these stages, no such multilineage activity was ever detected stration of CD94 expression at the surface of a significant proportion of CD56 ϩ cells differentiated from both extrain our culture conditions in the associated yolk sacs, 
CD33
ϩ cells has been identified in the human postnatal thymus that gives rise in culture to both NK and dendritic cells (Marquez et al., 1998) . However, the ability of these cells to give rise to other myeloid cells was not examined by the authors, who concluded that both NK and dendritic cells inside the thymus were branching off the lymphoid cell lineage.
Other categories of progenitors may exist only at early stages of ontogeny such as the B, T, and macrophage common progenitor identified in mouse fetal liver by Lacaud et al. (1998) . The existence of these progenitors may also account for the dramatic B cell and macrophage development observed upon culture of early mouse fetal 
